Abstract. In 1976 Appel and Haken achieved a major break through by thoroughly establishing the Four Color Theorem (4CT). Their proof is based on studying a large number of cases for which a computerassisted search for hours is required. In 1997 the 4CT was reproved with less need for computer verification by Robertson, Sanders, Seymour and Thomas. In 2000 Ashay Dharwadkar gave an algebraic proof to the 4CT involving Steiner Systems, Eilenberg Modules, Hall Matching and Riemann Surfaces. In this paper, we give a simple proof to the 4CT . The proof is based on the Principle of Mathematical Induction, contraction, and possible colorings of a minimum degree vertex, its adjacent vertices, and adjacent vertices of these adjacent vertices.
Introduction
The Four Color Theorem (4CT) plays a predominant role in the currently fashionable field of graph theory. The 4CT states that the vertices of every planar graph can be colored with at most four colors in such a way that any two adjacent vertices have different colors [4, 7, 9, 10, 12] .
A coloring of a graph is an assignment of colors to its vertices so that no two adjacent vertices have the same color. The set of all vertices with any one color is independent and is called a color class. An n-coloring of a graph G uses n colors; it thereby partitions V , the set of vertices into n color classes.
Heawood [8] showed that the four color problem becomes true when 'four' is replaced by 'five'. Grotzsch [5] proved that any planar graph without triangle can be colored with three colors and Grunbaum [6] extended the result of Grotzsch. In 1976 Appel and Haken [1, 2] achieved a major break through by thoroughly establishing 4CT . Their proof is based on studying a large number of cases for which a computer-assisted search for hours is required. In 1997 Robertson, Sanders, Seymour and Thomas reproved the 4CT with less need for computer verification [11] . In 2000 Ashay Dharwadkar gave an algebraic proof to the 4CT involving Steiner Systems, Eilenberg Modules, Hall Matching and Reimann Surfaces [3, 4] .
Though Heawood solved the five color theorem using the Principle of Mathematical Induction, over the past 125 years no one could succeed in employing the same technique in proving the 4CT . Also, in the proof of Heawood, there is a need to consider different possible colorings of adjacent vertices of a minimum degree vertex of a graph.
In this paper, we give a simple proof to the 4CT . The proof is based on the Principle of Mathematical Induction, contraction, and possible colorings of a minimum degree vertex, its adjacent vertices, and adjacent vertices of these adjacent vertices. For all basic ideas in graph theory, we follow [7] .
Main Result
Here we present proof of the four color theorem that is based on the principle of mathematical induction.
Theorem 2.1 (The Four Color Theorem (4CT)).
The vertices of every planar graph can be colored with at most four colors in such a way that any two adjacent vertices have different colors.
Proof. The proof is based on the Principle of Mathematical Induction on the number of vertices n of any given simple planar graph. Here graphs are considered in their planar form only.
The theorem is true for graphs of order 1, 2, 3 or 4. Assume the theorem for simple planar graphs of order less than or equal to n.
Let G be a plane triangulation (maximal planar graph) of order n + 1. Here plane triangulation is considered since every simple planar graph is a subgraph of a plane triangulation.
Let v be a vertex of G with minimum degree. This implies that 
Using the assumption, graphs G i as well as G o are four colorable, separately. Now adjust the colors of vertices of G o so that the colors of vertices of v 1 , v 2 and v 3 of G o are same as in G i and thereby the combined graph G of G i and G o is four colorable. For example, if v 1 , v 2 and v 3 are assigned with colors 1, 2, 3 in G i and 3, 4, 1 in G o respectively, then change the colors of vertices of G o by 3 → 1 (previous color class 3 is replaced by color class 1 in G o ), 4 → 2, 1 → 3 and 2 → 4. Now G is four colorable. Case 2 G doesn't contain cycle of length three other than the boundaries of triangular faces (finite and infinite).
Let Let G 1 be the subgraph after removing the
At first we consider coloring of the subgraph G 1 and from this we try to obtain coloring of G−v. Here we consider all possible colorings of G 1 and for a given coloring of G 1 , we consider different possible colors of
And in such a coloring if G−v is four colorable and v 1 , v 2 , . . . , v d(v) takes less than four colors, then we consider this coloring an acceptable coloring of G − v.
On the other hand, if G−v is four colorable and v 1 , v 2 , . . . , v d(v) takes all the four colors, then G is five colorable and so we search for an alternate coloring to G 1 , if possible, so that the alternate coloring admits less than four colors to v 1 , v 2 , . . . , v d(v) out of the colors 1, 2, 3 and 4. Here alternate coloring to G 1 is found out by applying contraction on the edge(s) of the cycle
After applying contraction on the edge(s) of the cycle
is five colorable, then by the assumption the coloring of G 1 is an avoidable coloring of (not an acceptable coloring to) the contracted graph G c and by the assumption, there exists an alternate coloring other than the above to G c and thereby to G 1 . Repeat this process until we get alternative colorings in which v 1 , v 2 , . . . , v d(v) take less than four colors while G − v is four colorable. And in these colorings graph G is four colorable by applying the fourth color, other than the colors of , then by conditions (3), (6) and (18), the contracted vertex v i,i+1 will be adjacent to vertices of
. This is also true when R i = {1, 2, 3}. See and v i+2,i+3 be the contracted vertices so that they are adjacent in the contracted graph and 
